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TOPICAL DELIVERY OF DRUGS TO THE LOWER 
GASTROINTESTINAL TRACT 

This application is a continuation-in-part of patent 
application Serial No. 08/282,836 filed July 29, 1995, 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the treatment of diseases 
of the colon, such as inflammatory bowel disease. More 
particularly, it relates to a dosage form for an active agent 
and the method of its use in topically treating disease in the 
colon. 

2. Description of the Prior Art 

Many conditions either originate or are expressed in 
the lumen or tissue intermediate to the lumen of the 
gastrointestinal (G.I.) tract. One group of such conditions 
to which the present invention is directed are inflammatory 
bowel diseases such as ulcerative colitis and Crohn's disease. 
Current therapy methods for inflammatory bowel diseases 
usually use a formulation from which the drug is absorbed 
systemically even though the preferred site of action may be 
at or near the site of absorption. A relatively high systemic 
concentration is necessary in order to ensure an efficacy in 
local concentration of the drug. An example of this is the 
administration of prednisolone for inflammatory bowel disease. 
The steroid is given to elicit a local action but is absorbed 
systemically, which if continued for prolonged exposure may 
result in atrophy of adrenal glands* or cause other side 
effects -systemically. 

Prodrug techniques have been used to prevent . 
systemic absorption. This method requires a prodrug which is 
not absorbed and which undergoes a transformation to 'give the 
active species after passing the G.I. absorption window or 
zone for the active species. An example of this is the use of 
sulpha solazine for inflammatory bowel disease. 
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While the prodrug approach has worked for some drugs 
it is limited in scope due to its dependence upon the 
chemistry of the drug, prodrug, and G.I. environment. A new 
prodrug must be developed, if possible, for each active 
species. 

SUMMARY OF THE INVENTION 
The present invention circumvents the above problems 
by providing a method for treating certain diseases of the 
colon comprising (a) providing a dosage form containing a 
plurality of rigid cross-linked polymer beads, each defining a 
substantially noncollapsible internal pore network, and a 
therapeutically effective amount of an active agent in said 
pore network selected from the group consisting of 
corticosteroids and non-steroidal anti-inflammatory agents for 
treatment of inflammatory bowel disease, ant i- tumor agents for 
treatment of colonic malignancies, anti-parasitic agents for 
treatment of parasites, and antibiotics for treatment of 
infections, said dosage form being treated to initially remain 
intact in the gastrointestinal tract, the treatment degrading 
in or near the large intestine whereby active agent is there 
released at a slow controlled rate; and (b) orally ingesting 
said dosage form. 

The compositions used in the present method have 
been used as a delivery system for external topical skin 
administration and in such an environment have been shown to 
be capable of releasing an active substance at a controlled 
rate. It has now been found that such delivery systems 
utilizing the particular active agents herein described can be 
safely and efficaciously utilized internally of the G.I. tract 
and delivered to the desired location where the diseased 
tissue resides. Because the delivery systems release the 
active substances at a slow controlled rate systemic * 
absorption is slowed or essentially prevented while at. the 
same time a sufficiently high local concentration of the drug 
is provided to be effective in treating the disease. To the 
extent that some systemic absorption occurs with the 
corticosteroids, there is substantially no adverse side 
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effects because of the slow rate of systemic absorption and 
because the particular corticosteroids employed in this 
invention are either not adversely reactive in the body or are 
so rapidly metabolized in the body as to have no significant 
adverse impact. 

in one preferred embodiment the dosage form is a 
pharmaceutical capsule or tablet containing the polymer be ads 
with the selected active agent in their porous network. The 
active agent, such as a corticosteroid, will generally be 
present in each pharmaceutical capsule or tablet in the amount 
of 1-100 mg., frequently in the amount of about 5-20 mg. 

Preferred polymer beads are formed from a copolymer 
selected from styrene-divinylbenzene and methyl methacrylate- 
ethylene glycol dimethacrylate , and have a diameter of about 
5-200 microns, preferably about 10-40 microns. 

The preferred embodiment also provides for control 
of the release zone of active ingredients at the desired site 
of action. For example, only the large intestine (a portion 
or its entire length) is affected in ulcerative colitis, 
whereas in Crohn's disease both the terminal ileum and the 
ascending colon are affected. In the preferred embodiment the 
selected dosage form is treated so that it will pass through 
preliminary stages of the G.I. tract and release active agent 
at the affected location. in the case of ulcerative colitis 
the dosage form is treated to initially remain intact in the 
G.I. tract and to degrade in or near the large intestine. 
Similarly,, in Crohn's disease the dosage form is treated to 
initially remain intact in the G.I. tract until reaching the 
junction of the ileum with the colon and then degrades so as 
to release active agent in that location. This is 
accomplished by treating either the polymer beads, the dosage 
form, or both. For example, in one aspect of the preferred 
embodiment for treating Crohn's disease the polymer beads rn 
the dosage form are coated with pectin. The corticosteroid is 
not released until enzymes normally present in the colon react 
with and remove the pectin so that entrapped corticosteroid is 
then released. 



10 



15 



20 



25 



30 



35 



WO 97/25980 PCT/US96/00512 

4 

BRIEF DESCRIPTION OF .THE DRAWINGS 
Figure l plots the in vitro release of 

hydrocortisone from porous polymeric particles. 

Figure 2 shows daily fecal dry weight of the three 

groups of rats used in the experiment of Example 4 

Figure 3 is a measurement of radioactivity in feces 

of the rats observed in the experiment of Example 4 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
The beads or microspheres used in connection with 
the present invention are known in the art and are described 
in detail in U.S. patent No. 5,145,675 to Won, assigned to 
Advanced Polymer Systems. The disclosure of this patent is 
incorporated herein by reference. m particular, the present 
invention contemplates the use of co-polymers of styrene and 
divinylbenzene, the synthesis of which is disclosed in the 
above-referenced '675 patent in Example 1.1. The same example 
also illustrates a method for entrapping steroids within the 
porous network of the polymeric beads. Similarly, the present 
invention in the preferred embodiment contemplates the use of 
copolymers of methyl methacrylate and ethylene glycol 
dimethacrylate. Preparation of such co-polymer particles is 
described in the above referenced -67 5 patent in Example 6.2 
Particles of the aforementioned types are commercially 
available from Advanced Polymer Systems of Redwood city, 
California, in the form of empty particles or as particles 
which have been loaded with the active agents utilized in the 
present invention. 

As mentioned above, the polymeric particles 
containing the selected corticosteroid or other active agent 
may be treated to control the point in the G.I. tract that 
release jot the active agent commences. i n this regard, 
particles and/or the dosage form can be coated with enteric 
blocking agents which remain intact in the stomach where they 
are gastro resistant but which degrade in the intestines and 
are enterosoluble. Blocking agents suitable for use in the 
present invention are disclosed in U.S. Patent No. 5,316,774 
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for "Blocked -Polymeric- Particles Having Internal Pore Networks 
for Delivering Active Substances to Selected Environments." 

One class of such materials suitable as enteric 
blocking agents are those which remain intact in the 
environment of the stomach but solubilize at the higher pH of 
the intestines. Materials of this type are known in the art 
where they have been used as coating for solid core drug 
formulations. The most effective enteric materials are 
polyacids having a pK a of from about 3 to 5. Exemplary 
materials include fat-fatty acid mixtures, ethyl cellulose, 
cellulose acetate phthalates, and the like. 

Also suitable as enteric coatings are various 
poly (meth) aery lates which may be introduced to the polymeric 
carrier particles or dosage form either by In situ 
polymerization or by absorption of an aqueous dispersion of 
the materials. Suitable poly (meth) acrylates include 
copolymers of methylmethacry late and ethy lacry late as ester 
components with methacrylic acid which contain carboxylic 
groups that are transformed to carboxylate groups at a pH of 
from about 5 to 7. They are thus able to form water-insoluble 
materials which are resistant to gastric juices and 
methacrylate ester copolymers which are insoluble over the 
entire physiological pH range. Specific copolymers useful as 
enteric materials are as follows. 

Preferred 

„ Molecular Monomer 

Enteric Mftfrinl . Weight Ratio 

poly (methacrylic acid, 

ethy lacry late) copolymer 250 kD in 

poly (methacrylic acid, 

methylmethacry late) copolymer 13 5 kD 1:2 to 1:2 

poly (ethy lacry late, 

methacrylate) trimethyl- 

ammoniaethylmethacrylate # 
chloride 150 ^ D 1:2:0:2 

poly (ethy lacry late, 
methylmethacry late) 
t r im e t hy 1 ammo niaethyl- 

methacrylate chloride 150 kD 1:2:0:2 
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The present: invention utni» ae 

*«- «*.« «„ b . used tor oral n dr u : g - i :: 1 e i s v " y 

the polymeric p.rcide. carryin „ " 'l* In Chis «WM 

example, »..i n ,to„. s Pharmaceutical s=i!„ ' £ ° r 

Company, Kaston Pennsylvania. ^1* Ea "LeT «"* 
of vhich is incorporated her . ln " f ; ra 1 " 2 ' «*• =«olo.ur. 
=r formulation to be administered win e on «' ==»Po«iticn 
quantity of the active Slltet , ' , * contain a preselected 

Polymeric particles ^ "d" p ^ seT" 1 "" """" "» 
Pharmaceutical^ accepted J^^™ T'^' ' 
usxng conventional excinients = , u S P re P*red 

grades 

, setose, starch, magnesium stearatn 
saccharin, talcu*, cellulose, glU cose s ^l s 
carbonate, and the like Such s ««=rose, magnesium, 

or solutions, suspenses, ta b iet s P ;\ 1 1 t L° nS f * ^ *~ 

and the like S ' P 111 ** capsules, powders, 

cortico Ste r ni H d6, In addltl °n to the preferred 

.ui* C °" te " pla1:ed ' s «<* as amino salicylate and 

^Sr'JT* =liniCal StUdieS h * V « Sh °"" «-« ulcerative 

s^uai e iy be :e e e f r:" iy trested with • ^ 

class of drugs thacT " " tranSplant P-««t.. Another 
"herein they are .\ C °"""" la « d " referred to a, prodrugs 
aame m^ner a s "IT !" **" ~*»»-*« Particle, i„ the 
Examm. - Preferred drugs previously mentioned. 

Examples o, prodrug. ,r. dexamethasone-succinate-dextran 
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(gastroenterology, 1994, -106:2 405-413J, budesonide-)3-D- 
glucuronide (£ut, 1994, 35: 1439-1446), and dexamethasone-5-D- 
glucuronide f Pharm Res . 1993, 10: 1553-1562). 

With respect to the treatment of colonic 
5 malignancies, a suitable anti-tumor agent which is known in 
the art for the treatment of localized malignancies will be 
incorporated in the dosage form. Examples of anti-tumor 
agents suitable for use in this invention are methotrexate, 5- 
fluorouracil, and similarly functioning anti-neoplastic 
10 agents, such as tamoxifen, cyclophosphamide, mercaptopurine 

etoposide, indomethacin , semustine, f luorouracil , floxuridine 
and mitomycin. For the treatment of infections of the colon, 
antibiotics (including antibacterials) which are suitable for 
use in this invention include sulphanilamides and their 
15 derivatives, and other antibiotics specifically designed to 
treat particular bacterial infections associated with food 
ingestion. Additional examples include sulfonamides, 
norfloxacin, chloramphenicol, tetracyclines and vancomycin. 

For treatment of parasites, suitable anti-parasitic 
20 agents include diloxanide furoate, metronidazole, guinacrine, 
tetracyclines, iodoquinol, dehydroemetine , amphotericin B, 
mebendazole and thiabendazole. 

As noted, the key to obtaining release of the drug 
from the dosage form in or near the colon lies in the use of a 
25 coating that is not breached or significantly removed until 
reaching the colon where bacteria that are specific to and 
generally confined in the colon exist that attack and 
solubilize or otherwise remove the coating from the dosage 
form to permit release of the drug. In general, the coating 
may be on the polymeric beads, or particles or on the exterior 
of the dosage form, whether it be a "pharmaceutical capsule or 
tablet, o£ on both the polymeric beads and the dosage form. 
Where the dosage form is a tablet, "coating" of the polymeric 
beads or particles may be obtained by compressing a mixture of 
particles with the coating material. The term "coating" is 
thus used herein in a broad sense where the beads or dosage 
form are substantially surrounded by the "coating" material. 
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The substances used for the coating are 
carbohydrates, typically polysaccharides. m the preferred 
embodiment the polysaccharide is pectin. Polysaccharides 
useful as a coating are selectively degraded or otherwise 
solubilized only in the colon but not elsewhere in the 
digestive tract. Examples are pectin salts, chondroitin, 
cellulose, hemicellulose . and other sugars that are not 
degraded by digestive enzymes or otherwise absorbed before 
reaching the colon. 

The amount of polysaccharide coating on the polymer 
beads or the dosage form will depend on the particular 
polysaccharide selected, but in any event will be of 
sufficient thickness to remain intact until reaching the 
colon. Thus, in the case of the preferred polysaccharide 
pectin, it has been shown that dissolution and release will 
depend on the particular pectin selected and primarily its 
methoxy content. Thus, pectins with a high degree of 
methoxylation demonstrate a higher degree of protection for 
the dosage form than those pectins with a lower degree of 
methoxylation. Pectin USP with a degree of methoxylation of 
70* is an example of a preferred material which can be 
obtained from Bulmer Pectin, UK. The thickness of coating 
will depend on where it is placed in the dosage form. If the 
polymer particles themselves are coated, the thickness will be 
at the thinner end of the range, while a coating on the entire 
dosage form may be at the higher end of the range. A useful 
coating thickness range is from about . 1 mm to about 1.0 ma. 

The following Examples l and 2 illustrate the tablet 
dosage form (Example 1) and the capsule dosage form 
(Example 2) which may be used in this invention. 
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Examp 1 g i 

Tablet Config uration 
Tablets containing a suitable amount of a 
corticosteroid entrapped in a MICROSPORE.* System could be 
prepared with the following general formulation: 
Tablet Co mponent- 

MICROSPONGE* System with corticosteroid 
Pectin 



Weight 
250 mg 
200 sg 



100 mg 



Dibasic Calcium Phosphate 

Eudragit XOOS 2 ° B ' 

. . 10 0 ma 

Magnesium S tear ate 

10 mg 

Entrapment Prpn aratiop 
Systems with corticosteroids are: 

15 A) Hydrocortisone 10% in Arrvl,^, coooi^ g 

(Formula per gram of entrapment) 
Hydrocortisone 

Acrylates Copolymer (APS Type E 101 3 ) 900 
This entrapment can be prepared as described in u S 
Patent No. 5,145,675. Namely, a 5% w/w hydrocortisone 
solution is prepared by adding 600 mg of hydrocortisone 
to 12 g of ethanol and then heated to 65 »C. Small 
volumes of this solution (less than l ml) are then added 
to 4.5 g of blank polymer Type E 101 in an amber bottle 
and then slowly stirred using a spatula for several 
seconds. This is repeated until a total of 5 g of 
solution has been added. The bottle is capped and then 



System^ C ?Sc P °of E Redwoof SS^cSESff 8 ° f P ° l *»~ 
p C or°ou%-^wo d rJ?f C " SPhe " SJ^^S^^^ 

diameter. withan the range of about 8-25 microns in 
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placed on a roller mill for one hour to mix the contents. 
The polymer is then dried in an oven at 65 °C for 2.5 
hours. Due to the low solubility of hydrocortisone in 
the organic solvents used to prepare the entrapment, to 
achieve adequate levels of drug in the polymer to make it 
suitable for therapy, this process is repeated for a 
second entrapment step with drying of entrapped polymer 
in the oven at 50 °C overnight. 
B ) geclomethasone 5% in Acr yiates Popolvmpr 
(Formula per gram of entrapment) 

Beclomethasone Dipropionate 50 ng 

Acrylates Copolymer (APS Type E 14 0) 950 mg 

A 2.5% w/w beclomethasone solution is prepared by adding 
3 00 rog of beclomethasone to 12 g of ethanol and then 
heated to 65 °C. Small volumes of this solution (less 
than 1 ml) are then added to 4.7 5 g of blank polymer in 
an amber bottle and then slowly stirred using a spatula 
for several seconds. This is repeated until a total of 
5 g of solution has been added. The bottle is capped and 
then placed on a roller mill for one hour to mix the 
contents. The polymer is then dried in an oven at 65*C 
for 2.5 hours. This process is repeated for the second 
entrapment step with drying of entrapped microsphere 
polymer in the oven at 50 °C overnight. 
c > Budesonide 5% in Acrvla tes Conolvmpr 
(Formula per gram of entrapment) 

Budesonide 5Q mg 

Acrylates Copolymer (APS Type E 104) 950 mg 

A 2.5% w/w budesonide solution is prepared by adding 
3 0O mg of budesonide to 12 g of tetrahydrofuran and then 
heated to 65 °C. Small volumes of this solution (less 
than 1 ml) are then added to 4.75 g of blank polymer in 
an amber bottle and then slowly stirred using a spatula 
for several seconds. This is repeated until a total of 
5 g of solution has been added. The bottle is capped and 
then placed on a roller mill for one hour to mix the 
contents. The polymer is then dried in an oven at 65 °C 
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overnight. This process is repeated for a second 
entrapment to obtain the desired pay load. 

Tablet Preparation 

Tablets are prepared by mixina tne indicated afflount 
polymer entrapment containing the drug and the other 
ingredients listed in the formulation, except the 
Eudragit. Tablets are produced by compression compaction 
using a stainless steel mold and a suitable hydrauLc 
press. 1 iAC 

These tablets are then pan-coated with the Eudragit aoos 
to Prov.de an enteric coating that will allow thl tablets 
to traverse through the stomach without disintegration or 
premature release of the drug. To coat the tablets, thly 
are placed xn a suitably heated rotating drum at about 
40-45-C and, while rotating, an appropriate amount of an 
Eudragit solution in ethanol, isopropanol or acetone is 

coa^ n t" 6 " " tUabli " 9 tabletS *° ° btai " * 

coating by evaporation of the solvent. 

Bxamula ? 

Papsuje Pnnfimir^f wn 
(Formula per Capsule) 

MXCROSPONGE. System with corticosteroid 250 mg 

Pectin (or other suitable polysaccharide) 150 mg 
Polymer containing the entrapped corticosteroid is 
Prepared as described in Example 1 A) , B) or c, above. 
A Pectan solution is prepared by dissolving 1.5 g of 
pectin (moistened with 0.5 ml of ethanol to facilitate 
dissolution) in 30 ml of . water heated to about so-c. The 
suspension is maintained at this temperature with gentle 
stirring until a clear viscous solution is obtained 
Then 2.5 g of microspheres containing the corticosteroid 
is placed in a suitable glass or metal container such 
that it can be rotated while heated and its contents 

^ lrre L t0 PreVent a 99l°meration. The pectin solution is 
then added slowly and in small portions to the polymer 
while rotating the vessel and continue heating. As the 
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mixture dries, more pectin solution is added until 
completion. A granular material, with granules about 
0.6-1.0 nun xn diameter is obtained. Larger clumps are 
easily broken into smaller particles with a glass rod or 
other suitable utensil. 

The dry material thus obtained is divided into 4 00 mg 
portions and each is placed into a gelatin capsule 
Alternatively, if smaller capsules are desired, 200 mg 
portions can be used. 

These capsules, properly sealed, are then placed in a 
mildly heated coating pan (about 4 0-C) and, while 
rotating, an Eudragit 100S solution in ethanol, 
isopropanol or acetone is slowly added to the tumbling 
capsules to obtain a uniform coating when the solvent 
evaporates . 

Similar examples of tablet or capsule configurations 
can be designed by using polymeric entrapment of other drugs 
like anti-tumor agents, antibacterials , etc., in MICROSPORE 
systems of different polymer compositions, particle size, and 
porosities as described in U.S. Patent No. 5,145,675. 

The following examples will illustrate the safety of 
the present dosage form and method. 



Example a 

ID Vitro Relengp of H V rir-o C or ^i sr> ^ 
Radiolabeled hydrocortisone was entrapped at a 
loading of 10* by weight in porous polymeric particles of 
methyl methacrylate-ethylene glycol dimethacrylate in which 
the particles had a diameter of about 25 m M . The 
radioaqtively labelled hydrocortisone was entrapped in two 
steps using a 5% ethanolic solution at each step. Release of 
entrapped hydrocortisone at pH 7.5 was measured using a' 
modified USP dissolution apparatus with a basket of -5 mesh 
3 5 and a stirring speed of ISO rpm. Sixty percent of the 

entrapped hydrocortisone was released in the first two hours 
with a further 15% released over the next six hours. The 
dissolution rate of free radioactive ly labelled hydrocortisone 
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was also measured. The disso lution . rate of free 
hydrocortisone was similar to the entrapped drug for the f irst 
two hours but total dissolution occurred in another six hours 
The results of this comparative study are shown in Figure i 



Examp J. a 4 

This example demonstrates with animals the safety of 
the present dosage form when used internally of the body in 
the G.I. tract. A study was performed in rats in order to 
determine the time for total elimination of microsponge 
polymeric beads and the absorption of any extractable 
materials from the beads in rats after a single oral dose. 

Three treatment groups were set up. Twelve rats 
were weighed and divided into quartiles. Each treatment group 
was randomly assigned to one rat from each guartile. The 
first treatment group (Group l) were controls given 2 ml of 
saline by gastric gavage. Group 2 rats were given 2 ml. of a 
saline slurry containing 2 00 mg of methyl methacrylate- 
ethylene glycol dimethacrylate copolymer beads (from Advanced 
Polymer Systems) radiolabeled with 2.6 million dpm 14 c. 
Group 3 rats were given a 2 ml saline slurry containing 200 mg 
of styrene-divinyl benzene copolymer beads (from Advanced 
Polymer Systems) radiolabeled with 2.6 million dpm 14 c. 

Urine and stool were collected from each animal 
daily on the subsequent 7 days. 

After 7 days autopsies were performed on all animals 
for gross anatomic observation and measurement of 
radioactivity. The only gross finding was in one animal from 
group 3 where polymer beads were observed in the pleural 
space. Radioactivity was found in this material (154,2 99 
dpm/0.,048) as well as in the lung (155 dpm/. 099). Although 
not se*n on gross exam, radioactivity was found in the lung of 
one animal from Group 2 (3299 dpm/. 066 g) and esophagus- (1388 
dpm .58 g). These two animals represent technical errors in 
administering the polymer beads into the stomach. Thus, these 
animals were excluded from the graphs of the test results. 

Radioactivity was measured in the following tissues 
and fluids for each animal: brain; - testes; kidney; liver; 
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spleen; heart; lungs ;. esophagus ; stomach; duodenum; jejunum- 
ileum; cecum; descending colon; blood; urine; and washing of 
stool material from the stomach, duodenum, jejunum, ileum 
cecum, and descending colon. With the exception of the two 
animals described above, there was no radioactivity above 
control in any of the tissues or fluids. 

The graph of Figure 2 shows the daily fecal dry 
weight in each of the three groups of rats. Analysis of 
variance is sensitive enough to show that fecal weight in the 
third group is different than the other two groups. 

As expected, radioactivity was found in the daily 
fecal samples in the remaining rats. Figure 3 shows that most 
of the radioactivity appeared in the feces in the first day. 
The total calculated recovery of material was 110%, 100%, 95% 
(Group 2) and 93% 92%, 2% (Group 3). 

There were two oddities in the fecal radioactivity 
measurements. One of the control rats had many counts in one 
of the fecal samples and one of the Group 3 rats excreted only 
2% of radioactivity administered. in this animal there was 
not radioactivity in the organs or bowel. Thus, the finding 
was not due to retention of the material. There is no 
independent reason to reject these samples, and they remain in 
the reported results. 

In conclusion, the data indicate that for both 
groups receiving radiolabeled microsponges there was rapid 
and complete elimination of the polymeric beads in the stool. 

Example S 

Another study was conducted to determine the 
potential toxicity in rats of oral administration for 28 days 
using porous copolymeric particles formed from 
methylmethacrylate and dimethyl dimethacrylate made in 
accordance with Example 6.2 of the -675 patent. The empty 
particles were fed to rats by themselves and for comparison 
the same particles were fed in which the particles contained 
mineral oil in the pores. The conclusion of the study was 
that feeding of the two forms of the polymeric particles (with 
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and without mineral oil) did nor demonstrate any deleterious 
effect on weight gain, food intake, or fecal output. 

Example 6 

Ora; Dose Study of Polymer- R „ ads <w 
The study was carried out in five subjects i n 
brief, each of the subjects collected all of his/her ' stool for 
one day before and either seven or nine days after ingesting a 
dose of "c-radiolabelled polymeric microspheres obtained from 
Advanced Polymer Systems, Inc. The exact dose given was about 
1 g containing 10 uCi of 14 c. 

Each daily stool was dried at 60«c for at least one 
week followed by the determination of «c in each stool using 
a biological oxidizer that incinerated the stool in a stream 
of N 2 and 0 2 at 800-C. The resulting "co a was trapped in a 
scintillation cocktail and « c me asured using standard liquid 
scintillation counting technique. The exact amount of »« C in 
each stool was calculated using the weights of the samples 
oxidized, the weight of the total daily stool and the *« C 
measured in the oxidized sample. 

Values for «c in each stool were expressed as a 
percent of the dose ingested. 

The summary shows variability in the timing of 
excretion. However, it appears that except for subject c R 
all subjects excreted the dose by day six of the study (or 
five days after ingesting the dose). c.R. was unusual in that 
she did not have substantial excretion until four days after 
ingestion of the dose. she hadn't excreted all of her dose by 
day eight. This slow excretion and the fact that her stool 
was not collected after day eight accounts for why she only 
excreted 9X.97%ef her dose - a value less than all the other 
subjects. 

r 

The results in the table show that 98.7 6 ± 1.99 of 
the ingested doses were excreted in the five subjects. 
Examination of the values indicates that they are not* 
statistically significantly different from 100%. There was no 
radioactivity measured in the urine in any of the subjects 
tests. 
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In sum, the -results demonstrated that 14 C-labelled 
polymeric microspheres were completely eliminated in the stool 
after oral ingestion. Furthermore, the peak of radioactivity 
in feces appeared between 48 and 72 hours after 
administration, indicating a slow transit through the G.I. 
tract. 

Below in Table I is a summary of the results of the 

study . 



Surcmqry of Percept of Ipqgsted Mi rrosnhprpg EyrrPtoH p gT - n * v 

SUBJECTS Mean ± S . E ^ 





H.J. 


C.R. 


B.K. 


L.N. 


D.H. 




1 


0 


0 


0 


0 


0 


0 | 


2 


15.24 


0 


56.34 


4 . 02 


.04 


23.87 ± 9.57 1 


| 3 


74.55 


. 09 




67 . 95 


2.51 


29.02 ± 15.50 I 


1 4 


13 . 91 


6.53 


32.31 


25.6 


86. 18 


32.91 ± 12.60 


5 


0. 84 


70.28 


10. 60 


.015 


7. 53 




20.43 ± 13.04 


6 


0.03 


8.78 


3 . 03 


. 02 


.87 


2.55 ± 1.48 


7 


. 12 


2-74 


-.02 


-.01 


. 08 


0.58 ± 0.48 


8 


. 08 


3.55 


. 03 


. 01 


-.01 


.73 ± 63 


9 








-.02 


-.01 


-.015 


io 








. 01 


-.04 


-.015 1 


Total 


104 .77 


91. 97 


102.29 


97.58 


97.21 


98.76 ± 1.99 | 
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Example 7 

A study involving the gastrointestinal tract in 
subjects with ileostomy was conducted. The patients were all 
given a capsule similar to that described in Example 2 wherein 
5 the microspheres were loaded with 14 C-hydrocortisone. 

In this study, 14 C-hydrocortisone was measured in 
both the urine and ileal effluent for 3-5 days after ingestion 
of a capsule containing the test material, m 3 of the 
subjects, the urine and ileal effluents were collected 
10 frequently so that the elimination of 14 c could be timed. The 
ileal effluents from one subject were accidentally destroyed 
during the drying process. Thus, only the data from four 
subjects can be evaluated. 

The following are the percentages of 14 c recovered 
15 in the ileal effluent and urine for each of the evaluateable 
subjects. The first table shows recovery for the entire 
collection, while the second table shows the timing of the 
excretion in ileal effluent or urine. 

20 Entire C ollection 



25 







Percentaoe 


Recovered 






Ileal Effluent 




Subject 


1 


53.8% 


46.2% 


Subject 


2 


98. 0 


2.0 


Subject 


3 


(unable to 


evaluate) 


Subject 


4 


93 .3 


6.7 


Subject 


5 


96. 3 


3.7 


MEAN 




85. 4 


14.6 



30 
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Timed Excretion 

Percenta ge Recovered 
Ileal Effluent Urine 



0-24 hours 


4 9 . 


3% 


0-2 4 hours 


35. 


0* 


24-48 


4 . 


3 


24-48 


10. 


9 


48-72 


0 . 


3 


48-72 


0. 


4 


0-14 hours 


0 . 


0% 


0-22 hours 


0. 


1% 


14-22 


4 . 


3 


22-24 


0. 


5 


22-25 


85. 


8 


24-29 


0. 


9 


25-31 


0 . 


8 


29-32 


0. 


2 


31-38 


3 . 


4 


32-36 


0. 


1 


38-120 


0. 


0 


36-120 


0. 


0 



Subject 


3 


(unable to 


evaluate) 


(unable to 


evaluate) 


Subject 


4 


0-3 hours 


0.0% 


0-3 hours 


0.1% 






3-9 


20.5 


3-9 


3.1 






9-16 


71.5 


9-16 


2.4 






16-25 


1.2 


16-25 


0.9 






25-96 


0.0 


25-32 


0.2 










32-96 


0.0 


Subject 


5 


0-5 hours 


0.5% 


0-6 hours 


0.0% 






5-16 


93.5 


6-10 


0.3 










10-12 


0.8 










12-22 


1.4 






16-24 


0.7 


22-24 


0.6 






24-28 


0.3 


24-30 


0.2 






28-34 


0.2 


30-96 


0.0 






34-48 


0.3 










48-72 


0.6 










72-96 


0.3 







An examination of the entire collection results 
indicates that in three of the subjects the 14 C excretion was 
almost entirely in the ileal effluent. In one subject 53.8% 
of the 14 C was excreted by way of the ileal effluent. The 
reason for the difference between the results in this one 
subject compared to the other three is not known. 

■ An examination of the timed excretion data for the 
ileal dffluents indicates almost all of the excretion occurs 
within 24 hours after ingestion of the capsule. The exact 
timing within this 2 4 hours varied some between the three 
subjects where such timing could be evaluated. In one, the 
ileal excretion was greatest at 22-25 hours after ingestion; 
in another it was at 3-16 hours; and in the third it was 5-16 
hours. This variability may be due to differences in 
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residence time for the capsule in the stomach. The transfer 
of large particles from the stomach to the small intestine 
depends on many factors. One important factor is the 
relationship to meals. A capsule such as the one used in this 
study may not leave the stomach until all nutrients from meals 
have left the stomach and small intestine. 

These results indicate that, in a normal individual 
(no ileostomy) , the active ingedient would be released 
primarily in the colon, thus maximizing the therapeutic 
benefits of the drug and minimizing systemic absorption* 
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1 1. A dosage form for oral ingestion for treating 

2 diseases of the colon comprising a pharmaceutical composition 

3 containing a plurality of rigid cross-linked polymer beads, 

4 each defining a substantially noncollapsible internal pore' 

5 network, and a therapeutically effective amount of an active 

6 agent in said pore network selected from the group consisting 

7 of corticosteroids and non-steroidal anti-inflammatory agents 

8 for treatment of inflammatory bowel disease, anti-tumor agents 

9 for treatment of colonic malignancies, anti-parasitic agents 

10 for treatment of parasites, and antibiotics for treatment of 

11 infections, said dosage form containing a polysaccharide to 

12 initially remain intact in the gastrointestinal tract, said 

13 polysaccharide degrading in or near the large intestine 

14 whereby active agent is there released at a slow controlled 

15 rate. 

1 2, A dosage form for treating disease of the colon 

2 in accordance with claim 1, wherein said dosage form contains 

3 an enteric blocking agent to protect against degradation by 

4 acid conditions in the stomach. 

1 3. A dosage form for treating disease of the colon 

2 in accordance with claim 1, wherein said dosage form is 

3 treated to initially remain intact but with the treatment 

4 degrading in or near the large intestine by surrounding the 

5 polymeric beads with a polysaccharide that remains intact 

6 until it is degraded by colonic bacteria to thereby release 

7 said active agent in the colon. 

1 f 4. A dosage form for treating disease of the colon 

2 in accordance with claim 3, wherein said polysaccharide .is 

3 pectin. 

1 5. A dosage form for treating disease of the colon 

2 in accordance with claim l, wherein said active agent is 

3 present in the dosage form in an amount of about 1-100 mg. 
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6. A dosage form for treating disease of the colon 
in accordance with claim 1, wherein said dosage form is 
formulated for treating inflammatory bowel disease and said 
active agent is a corticosteroid selected from the group 
consisting of hydrocortisone, beclomethasone dipropionate, 
tixocortol pivalate, dexamethasone, prednisone, budesonide and 
prednisolone and triamcinolone acetonide. 

7. A dosage form for treating disease of the colon 
in accordance with claim 1, wherein said dosage form is a 
tablet, and the treatment of the tablet includes the additi n 
of a polysaccharide that remains intact until degraded by 
colonic bacteria, said polysaccharide being compressed into 
the tablet or coated thereon • 

8. A dosage form for treating disease of the c Ion 
in accordance with claim 1, wherein said dosage form is a 
pharmaceutical capsule with said polymer beads contained 
therein and wherein the dosage form is treated with a 
polysaccharide that remains intact until degraded by colonic 
bacteria, wherein the polysaccharide is coated on said polymer 
beads or on said pharmaceutical capsule. 

9. A dosage form for treating disease of the c Ion 
in accordance with claim 7, and including an enteric blocking 
agent coated on said tablet as an exterior layer. 

10. A dosage form for treating disease of the colon 
In accordance with claim 8, and including an enteric blocking 
agent coated on said pharmaceutical capsule as an exterior 
layer. 

. 5 11. A dosage form for treating disease of the colon 

in accordance with claim 1, wherein said polymer beads are 
formed from a copolymer selected from the group consisting of 
styrene-divinylbenzene and methyl methacrylate-ethy lene glycol 
dimethacrylate, and the selected polymer beads have a diameter 
of about 5-2 00 microns. 
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12- A method for treating diseases of the colon 
comprising: (a) providing a dosage form comprising a 
pharmaceutical composition containing a plurality of rigid 
cross-linked polymer beads, each defining a substantially 
noncollapsible internal pore network and a therapeutically 
effective amount of an active agent in said pore network 
selected from the group consisting of corticosteroids and 
non-steroidal anti- inflammatory agents for treatment of 
inf lammatory bowel disease, anti-tumor agents for treatment of 
colonic malignancies, anti-parasitic agents for treatment of 
parasites, and antibiotics for treatment of infections , said 
dosage form being treated to initially remain intact in the 
gastrointestinal tract, the treatment degrading in or near the 
large intestine; and (b) orally ingesting said dosage form. 

13. A method in accordance with claim 12 wherein 
said disease of the colon is inflammatory bowel disease and 
said dosage form is a pharmaceutical capsule containing said 
polymeric beads. 

14 . A method in accordance with claim 13 , wherein 
said active agent is a corticosteroid selected from the group 
consisting of hydrocortisone, beclomethasone dipropionate , 
tixocortol pivalate, budesonide and triamcinolone acetonide 
and is present in the dosage form in an amount of about 1- 
100 mg. 
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■ AVERAGE ♦/- SD n = 6 (EH3I6- 32-63) 
□ FREE DRUG n = 2 (EH3I6-59 166) 



—r 

2 



EXPERIMENTAL DETAILS: 

APPARATUS- 
DISSOLUTION MEDIUM^ 
a M. TEMPERATURE^ 
STIRRING SPEED: 
SAMPLE ANALYSIS 
POLYMERIC BEAD SAMPLE 

SIZE: 
SAMPLE LOADING: - 
PARTICLE DIAMETER: 
FREE DRUG SAMPLE SIZE: 



4 



"T" 

6 



8 



TIME (HRS) 



10 



MODIFIED USP DISSOLUTION APPARATUS 
50mM KH2PO4 pH 15 
37»C 
150 RPM 

SCINTILLATION COUNTING ON TRITIUM 

HIO rag . 

9.5% HYDROCORTISONE WITH CI, 2" 3 H3 HYDROCORTISONE 

25 urn , 

~IOmg HYDROCORTISONE WITH U,2~ 3 H] HYDROCORTISONE 



F/G. /. 
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